The purpose of this study was to validate a bioelectrical impe dance analysis (BIA) equation for prediction of body fat mass (FM) against dual energy Xray absorptiometry (DXA) in healthy Indian adults with large variations in body mass index and age. Healthy subjects (28 males and 85 females) were investigated by two methods: FM was measured by a dual energy Xray absorptiometry and segmental bioelectrical parameters at vari ous frequencies were measured by a commercial segmental multifrequency BIA instrument. Total body parameters were derived from segmental bioelectrical parameters. As correlation was high and prediction error was low, a single equation 
INTRODUCTION
Body fat percentage is the amount of body fat tissue as a percentage of total body weight. It consists of essential body fat and storage body fat. Essential body fat is necessary to maintain life and reproductive functions. Essential fat is 3 to 5% in men, and 8 to 12% in women. Storage body fat consists of fat accumulation in adipose tissue, part of which protects internal organs in the chest and abdomen. Levels of body fat are epidemiologically dependent on gender and age. 1 Different authorities have prescribed different recommendations for ideal body fat percentages. The average acceptable body fat percen tages are 18 to 24% for men and 25 to 31% for women. Higher percentage of fat above average levels leads to higher health risk for weight-related illness. Assessment of fat mass (FM) in patients optimizes nutrition support to avoid or minimize muscle wasting or obesity. Therefore, nutrition assessment should include objective bodycomposition measurements. A living person's exact body fat percentage generally cannot be determined, but there are several techniques which can be used to estimate it to a good degree of accuracy. Dual energy X-ray absorptiometry (DXA formerly DEXA), is a newer method for estimating body fat percentage and is a method of choice for determining body composition. There are several more complicated procedures that more accurately determine body fat percentage. Some, referred to as multicompartment models, can include DXA measurement of bone, plus indepen dent measures of body water (using the dilution principle with isotopically labeled water) and body volume (either by water displacement or air plethysmography). Various other components may be independently measured, such as total body potassium. In vivo neutron activation can quantify all the elements of the body and use mathe matical relations among the measured elements in the different components of the body (fat, water, protein, etc.) to develop simultaneous equations to estimate total body composition, including body fat. 2 There exist various anthropometric methods for estimating body fat. The term anthropometric refers to measurements made of various parameters of the human body, such as circumferences of various body parts or thicknesses of skinfolds. Most of these methods are based on statistical modeling. The bioelectrical impedance analysis (BIA) method is simple, more affordable and noninvasive way to estimate body fat percentage. In BIA, the body bioelectrical parameters (impedance, reactance, etc.) provide a mea sure of body fat, since the impedance to sinusoidal current varies between adipose, muscular and skeletal tissue. Fat-free mass (muscles) is a good conductor as it contains a large amount of water (approximately 73%) and electrolytes, while fat is anhydrous and a poor conductor of electric current. Many investigators have developed empirical BIA equations for prediction of body fat mass, fat free mass (FFM) and total body water (TBW). [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Some of these equations have been validated in relatively young, healthy adults against several body-composition techniques. 6 Studies have shown that BIA formulae developed for healthy, normal-weight subjects are not suitable for obese subjects 14, 15 and are not valid in elderly subjects. 16 In longitudinal studies, the use of different BIA formulae in the same subject who becomes overweight or older introduces a bias into body-composition studies and raises one question whether the differences in body composition are due to changes in the BIA formula or to changes in body composition. Thus, it would be advantageous to use a single formula that is applicable in young as well as elderly subjects including overweight subjects. Roubenoff et al 16 and others concluded that BIA equations are subject to errors that cannot be deter mined a priori unless they are validated in the specific population in which they are to be used. 17, 18 Thus BIA equations must be validated in a representative population sample against a reference method before its accuracy is accepted. Bioelectrical impedance analysis can be validated against DXA, hydrodensitometry, and total body potassium. Dual energy X-ray absorptiometry is one reference method 5 that has been validated against independent methods, such as in vivo neutron activation, 4, 8 total body potassium, and hydro densitometry. 9 It is commonly cited as the current standard for body composition testing. To date, there has been no specific investigation about the factors that affects the accuracy and performance of BIA equation for prediction of FM in Indian adults. While using BIA method, factors that need to clarify are single vs multi-frequency; non-phase vs phase sensitive measurements; whole body vs segmental approaches; choice of predictor variables and subject factors. The purpose of this study was to validate a single BIA equation for prediction of body FM against DXA in healthy Indian adults with large variations in body mass index and age.
SUBJECTS AND METHODS

Subjects
The study group consisted of 113 subjects (28 males and 85 females) in the age group of 23 to 81 years. All subjects were born in India and resided in Mumbai. The subjects were apparently healthy and none was under medication during the last 1 week. The subjects were kept fasting for nearly 2 hours before the measurements. The standing height of each subject was measured to the nearest 0.5 cm. The purpose of the study was explained to all the subjects and their oral consent was taken. Each subject was measured by two methods: FM was measured by dual energy X-ray absorptiometry (Lunar Prodigy, DPX-IQ, General Electric Healthcare, Belgium, Europe) and the segmental bioelectrical parameters (impedance and reactance) at various frequencies were measured by a commercial segmental multi-frequency BIA instrument InBody720 (Biospace Co. Ltd. Seoul, Korea). The total body parameters were derived from segmental parameters.
Calculation of Total Body Bioelectrical Parameters
InBody 720 provides the segmental bioelectrical parameters (impedance and reactance) at various frequen cies using eight-polar tactile-electrode. This commercial product is approved by FDA (Food and Drug Administration, United States, May 2003). It is based on the segmental impedance measurement approach and operated at frequen cies of 1, 5, 50, 250, 500 and 1000 kHz, which are pre-set by the manufacturer and introduced into the body in the ascending order of frequency. This device uses contact electrodes located in the handgrips and the footpads. Subjects were asked to stand with the ball and heel of each foot on two metallic electrodes on the floor scale and hold handrails with metallic grip electrodes in contact with the palm and thumb. Laboratory temperature was maintained at 25 ± 2°C, in order to avoid any variation in electrical impedance due to temperatures. They were instructed to keep their arms fully extended and abducted approximately 20° laterally ( Figs 1A and B) . The sequence of measurements were controlled by a microprocessor, proceeds as follows. For 1 kHz programed frequency, an alternating current of 100 µA and for other programed frequencies, an alternating current of 500 µA of intensity (I) is applied between E1 and E5. The recorded voltage difference (V) between E2 and E4 is divided by I to obtain the impedance of the right arm (Z RA ). The same operation is performed with V recorded between E4 and E8 to obtain the trunk impedance (Z TR ) and with V recorded between E6 and E8 to obtain the impedance of the right leg (Z RL ). The alternating current is then applied between E3 and E7
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and the value of V measured between E2 and E4 is used to calculate the impedance of the left arm (Z LA ). Lastly, the value of V measured between E6 and E8 is used to calculate the impedance of the left leg (Z LL ). No precaution was taken to standardize the subject's posture before BIA, as suggested by the manufacturer. The instrument gave the impedance values of five segments (e.g. arms, trunk and legs) from the measurements at 6 frequencies (1, 5, 50, 250, 500, 1000 kHz) and also the reactance values at three frequencies (5, 50, 250 kHz).
From segmental impedance and reactance values, the respective values of segmental resistance and phase angle were calculated at three frequencies (5, 50, 250 kHz) using the following equations:
Resistance of a segment at 'f' kHz frequency,
Phase angle of a segment at 'f' kHz frequency,
Where, [(R) sf ] is the resistance of the body segment, (Z sf ) is the impedance of the body segment, [(X) sf ] is the reactance of the body segment and [(φ) sf ] is the phase angle of the body segment at 'f' kHz frequency. Values of resistance, reactance, impedance and phase angle of total body at three frequencies (5, 50 and 250 kHz) were calculated as follows:
Body resistance at 'f' kHz frequency,
Body reactance at 'f' kHz frequency,
Body impedance at 'f' kHz frequency,
Phase angle of body at 'f' kHz frequency, 
Dual Energy X-ray Absorptiometry
Fat mass of each subject was measured by DXA. The DXA scanning technique measures the differential attenuation of two different levels of X-ray energy as they pass through the body, thereby allowing determination of bone mineral content and soft-tissue mass on a pixel-bypixel basis. Dual energy X-ray absorptiometry allows the separation of total and segmental body mass (BM) into fat mass (FM), lean tissue mass (LTM) and bone mineral content (BMC). The sum of LTM and BMC gives fatfree mass (FFM). The X-ray source (fan beam) mounted beneath the patient generates a narrow, tightly collimated beam of X-ray that pass through the patient at rapidly changing energies. The transmitted intensity of each energy level is measured by a radiation detector mounted on a movable arm directly above the X-ray source. Simultaneous with the measurement of the skeleton, the percentage of fat is determined from the attenuation ratio of lower energy to higher energy detected by the beam. This ratio is calculated from all non-skeleton pixels scanned and extrapolated of the skeleton-containing pixels. In the literature, 28 the effective total body-radiation dose was reported as 5.4 µSv. All measurements were performed with a Lunar Prodigy instrument DPX-IQ, General Electric Healthcare, Belgium, Europe (Fig. 2) .
Statistics
The total body bioelectrical parameters like (Z body ), (X body ), (Φ body ) and (R body ) are derived from segmental parameters at 5, 50 and 250 kHz frequencies. With the help of SPSS package version 17, stepwise multiple regression analysis was carried out to derive BIA prediction equation for FM. The predictor variables entered into the BIA model in the order of highest correlation coefficient and smallest standard error of estimation (SEE) were (R body250 ), (sex), w, (h 2 /Z body50 ), h, (X body250 -X body5 )/age, (Φ body5 ), (X body50 /h). In addition to correlation and regression techniques, error analysis was performed. Standard error of estimation was calculated and used as error of prediction for DXA derived FM and predicted FM by new BIA equation. The total error (TE) was calculated as:
Where (FM1) is the observed value of FM by DXA and (FM2) is the predicted value of FM by BIA equation. The total error of measurement estimates the magnitude of the error for a given measurement and is defined as the difference between measurements for the individual (i), i = 1… n, where n is the number of individuals. 20 The total error was compared with the SEE. A small difference between total error and SEE indicates high accuracy of the prediction. To assess the agreement between the two clinical measurements, the difference between the values was plotted against their means, because the mean was the best available estimate of the true value. This analysis allows for the calculation of bias (estimated by the mean differences), the 95% confidence interval for the bias and the limits of agreement (two SDs of the difference). 19 Statistical significance was set at p ≤ 0.05 for all tests. In order to verify the different factors which may affect the performance of the BIA method, the different sets of parameters were selected and for each set, with the help of SPSS package version 17, stepwise multiple regression analysis was carried out to derive BIA prediction equation for FM. The change in % adjusted R 2 and SEE were recorded for each set of variables.
RESULTS
A total of 113 healthy adults aged 23 to 81 years and weighting 39 to 97.7 kg were used as subject. Table 1 shows the anthropometric and BIA characteristics of male and female subjects grouped by age. The prediction equation developed from all subjects is shown in Table 2 .
The order of entry of predictor variables was (R body250 ), (sex), w, (h 2 /Z body50 ), h, ((X body250 -X body5 )/age)), (Φ body5 ), (X body50 /h). For the BIA model (Table 3) Table 4 . The beta (standardized regression coefficient) value is the measure of how strongly each predictor variable influences the criterion variable. Higher the absolute beta value, greater is the impact of the predictor variable on criterion variable. The t-value and statistical significance (p) value give the rough indication of the impact of each predictor variable: a big absolute t-value and small p-value suggests that a predictor variable has a large impact on the criterion variable. The tolerance values are a measure of the correlation between the predictor variables and can vary between 0 and 1. The closer to zero the tolerance value is for a variable, the stronger the relationship between this and the other predictor variables. We should worry about the variables that have a very low tolerance. Variance inflation factor is an alternative mea sure of collinearity (in fact it is the reciprocal of tolerance) in which a large value indicates a strange relationship between the predictor variables. Graph 1A shows a comparison of FM measured by BIA equation (a new non-invasive technique) and DXA (established method). Graph 1B shows the correlation and mean difference, according to Bland and Altman, 19 using the prediction equation in all subjects. Here, the mean difference was 0.018 kg; the 95% confidence interval was from -3.737 to The elderly subjects were analyzed separately to determine whether greater error occurred with the BIA equation in aged subjects (Table 5) . Fat mass measured for 35 subjects with age above 60 years from DXA was 28.9222 ± 10.1149 kg. Fat mass predicted by equation was 28.6267 ± 9.8814 kg. The mean difference was 0.2955 ± 1.5354 kg (p > 0.05, paired t-test; R = 0.9885, total error = 1.7481 kg). Subjects with BMIs above 27 kg.m -2 were also analyzed separately to determine whether greater error occurred with the BIA equation in obese subjects (Table 6 ). Fat mass measured for 44 subjects with BMIs above 27 kgm -2 h: height; w: weight; R body250 : body resistance at 250 kHz; Z body50 : body impedance at 50 kHz; X body5 : body reactance at 5 kHz; X body50 : body reactance at 50 kHz; X body250 : body reactance at 250 kHz; Φ body5 : phase angle of the body at 5 kHz; p: significance of contribution of each additional individual parameter to the stepwise multiple regression model FM predicted with DXA = 28.11 ± 9.30 kg FM predicted with BIA equation = 28.12 ± 9.11 kg (R = 0.9794, adjusted R 2 = 0.9561, SEE = 1.95 kg, TE = 1.87 kg) n: number of subjects; FM: fat mass; DXA: dual energy Xray absorptiometry; BIA: bioelectrical impedance analysis; w: weight; h: height; R body250 : body resistance at 250 kHz; Z body50 : body impedance at 50 kHz; X body5 : body reactance at 5 kHz; X body50 : body reactance at 50 kHz; X body250 : body reactance at 250 kHz; Φ body5 : Phase angle of the body at 5 kHz; R: validity coefficient; SEE: standard error of the estimate; TE: total error 0.000 n: number of subjects; BIA: bioelectrical impedance analysis; BMI: body mass index; h: height; w: weight; R body250 : body resistance at 250 kHz; Z body50 : body impedance at 50 kHz; X body5 : body reactance at 5 kHz; X body50 : body reactance at 50 kHz; X body250 : body reactance at 250 kHz; Φ body5 : phase angle of the body at 5 kHz; R: validity coefficient; SEE: standard error of the estimate; TE: total error; p: significance of contribution of each additional individual parameter to the stepwise multiple regression model; %Ad.R 2 : percentage adjusted squared value of the validity coefficient 95% confidence interval for mean difference: (-3.14, 3.31) ttest of mean difference = 0 (Vs not = 0); tvalue = 0.05; pvalue = 0.958; DF = 85 n: number of subjects; FM: fat mass; BIA: bioelectrical impedance analysis; DXA: dual energy Xray absorptiometry; SD: standard deviation; p: level of significance; DF: degree of freedom from DXA was 36.5356 ± 7.6410 kg. Fat mass predicted by equation was 36.4505 ± 7.5671 kg. The mean difference was 0.0851 ± 1.9586 kg (p > 0.05, paired t-test; R = 0.9669, total error = 0.5643 kg). Thus, it is possible to estimate FM with the same equation for elderly and obese subjects.
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DISCUSSION
Validity of BIA
It is generally agreed that the accuracy of BIA depends on the variables included in the prediction equation and on using a specific prediction equation validated for a specific population. 17 Our equation for BIA-predicted FM was used, in order of entry, (R body250 ), (sex), w, (h 2 / Z body50 ), h, [(X body250 -X body5 )/age], (Φ body5 ), (X body50 /h). Although weight (w) alone accounted for 64.26% of the variability (Table 3) , all other variables entered added significantly to the BIA-predicted FM. The correlation obtained with the new developed equation is observed to be 97.94% against DXA. The cross validation of BIA equation is important to test for its accuracy. Slightly lower accuracy could be expected in subjects older than 81 years. Validity of the BIA equation in subjects older than 81 years is unknown and requires further validation; it is also necessary in subjects with BMIs below 15.62 kgm -2 . In addition, validation studies must be conducted in subjects with nutritional disorders that affect body water. Further validation of BIA is necessary to understand the mechanisms for the changes in acute illness, fat/lean mass ratios, extreme heights, and body shape abnormalities.
Variations in BIA Parameters
Measurement of body parameters by segmental multiple frequency bioelectrical impedance analysis (MF-BIA) technique with tetra-polar electrode gives high degree of accuracy and precision. Bedogni et al 21 found that the precision of eight-polar segmental MF-BIA technique was quite good (coefficient of variation, CV < 3.0% for between days; CV < 2% for within days measurements) as compared to four-polar total body BIA performed at 50 kHz. Several factors are known to influence the bioelectrical parameters, such as age, height, weight, gender and ethnic origin. 22, 23 Several investigators have found a positive relation between age and impedance 24,25 a negative relation between age and reactance, [24] [25] [26] and a negative relation between age and phase angle. [25] [26] [27] The present study (Table 1) too, validated that a negative relation between age and phase angle in both genders. Impe dance and resistance increased with age in both sexes after 60 years. Reactance decreased with age progressively in men and women until 60 years. Bioelectrical impedance analysis parameters are frequency dependent. For any individual, body impedance and resistance decrease as frequency increases. However, the body reactance and the phase angle initially increase with frequency but after certain frequency they decrease with the increase in frequency (Table 1) . Bioelectrical impedance analysis values are affected by numerous variables including body position, hydration status, consumption of food and beverages, ambient air, skin temperature, recent physical activity, and conductance of the examining table. Reliable BIA requires standardization and control of these variables. A specific and well-defined procedure for performing routine BIA measurements is required.
Factors affecting the Performance of BIA Equation
In order to verify the different factors which may affect the performance of the BIA equation, the different sets of parameters were selected and for each set, with the help of SPSS package version 17, stepwise multiple regression analysis was carried out to derive BIA prediction equation for FM. The change in '% adjusted R 2 ' and SEE were recorded for different set of variables. Through this exercise, it was found that simple measurement at 50 kHz was not sufficient. By adding frequencies help in the improvement of prediction and reducing the error. The single frequency measurement results at 50 kHz are superior to the results at 5 kHz or 250 kHz. It was also found that, inclusion of reactance/phase angle improves the prediction and reduces the error.
CONCLUSION
The results of this study show that the newly developed single prediction BIA equation validated against DXA can be used to predict FM in subjects aged 23 to 81 years and with BMIs ranging from 15.62 to 39.98 kgm -2 . The BIA equation developed can be used in populations with large variations in age and body mass.
